Studies on the antioxidant activity of ethanol extract and its fractions from Pterygota alata leaves  by Jahan, Nusrat et al.
Available online at www.sciencedirect.comScienceDirect
Journal of Acute Medicine 4 (2014) 103e108
www.e-jacme.comOriginal Research
Studies on the antioxidant activity of ethanol extract and its fractions
from Pterygota alata leaves
Nusrat Jahan, Mst. Shahnaj Parvin, Nandita Das, Mohammad Saiful Islam, Md. Ekramul Islam*
Department of Pharmacy, University of Rajshahi, Rajshahi-6205, Bangladesh
Received 26 November 2013; accepted 16 May 2014
Available online 10 July 2014AbstractBackground: Reactive oxygen species (ROS) and free radicals are produced during normal physiologic events in a healthy organism. Under
pathological conditions ROS are overproduced resulting oxidative stress. This leads to oxidative modifications of the cellular membranes or
intracellular molecules. It is accepted that the intake of antioxidant substances reinforces the defense against ROS.
Aims: To evaluate the antioxidant activity of various solvent fractions of leaves extract of the plant Pterygota alata.
Methods: Crude ethanol extract (CEE) of P. alata leaves and its various fractions such as n-hexane (HF), chloroform (CF), ethyl acetate (EF),
and aqueous (AF) were subjected to assay for antioxidants activity. The in vitro antioxidant property was investigated by employing various
established systems such as 1,1-diphenyl-2-picrylhydrazyl radical scavenging assay, ferric reducing power assay, and total antioxidant capacity
by the phosphomolybdenum assay. Mice with carbon tetrachloride (CCl4)-induced liver injury were used to assess antioxidant effect in vivo by
examining the levels of malondialdehyde and tissue protein, and the activities of most important antioxidant enzyme, superoxide dismutase using
standard procedures.
Results: Among the CEE and various fractions, CF exhibited strong antioxidant ability in vitro. The liver of CCl4-intoxicated animals exhibited a
significant (p < 0.001) decrease in the superoxide dismutase level and a significant (p < 0.001) increase in the malondialdehyde level. Mice
treated with CF and standard drug silymarin caused these values to return to normal level in CCl4-induced liver damage.
Conclusion: The present study provides evidence that CF of CEE of P. alata leaves possesses excellent in vitro and in vivo antioxidant effects,
which can be a potential source of natural antioxidants and should be further exploited for its use in clinical medicine.
Copyright © 2014, Taiwan Society of Emergency Medicine. Published by Elsevier Taiwan LLC. All rights reserved.
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It is well known that reactive oxygen species (ROS), play a
major role in the development of oxidative stress that can lead
to many illnesses including cardiovascular diseases, diabetes,
inflammation, degenerative diseases, cancer, anemia, and
ischemia.1 Recently, ROS related to lipid peroxidation has been
considered as one of the main causes of these diseases.2 To
protect cells against oxidative damage by free radicals, an
antioxidant system, including superoxide dismutase (SOD),* Corresponding author. Department of Pharmacy, University of Rajshahi,
Rajshahi 6205, Bangladesh.
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2211-5587/Copyright © 2014, Taiwan Society of Emergency Medicine. Publishedcatalase, glutathione peroxidase, and glutathione reductase
enzymes has evolved in aerobic organisms.3,4 Under conditions
of elevated ROS production or when the antioxidant system is
compromised, cells are unable to scavenge the free radicals
efficiently, leading to ROS accumulation.
It has been demonstrated that many naturally occurring
compounds possess notable activity as radical scavengers and
lipid peroxidation inhibitors.5 In addition to plant extracts,
numerous naturally occurring compounds are useful as anti-
oxidants, ranging from a-tocopherol and b-carotene to plant
antioxidants such as phenolic compounds, alkaloids, and
organic sulfur compounds.6 A large number of experiments
have been carried out concerning the antioxidant activity of
several plant extracts and powders. The results of theseby Elsevier Taiwan LLC. All rights reserved.
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metabolites especially phenolic compounds.
Pterygota alata, commonly known as Buddha's coconut
tree, belongs to the family of Malvaceae is widely distributed
in South Asia and Myanmar; in the Western Ghats-South and
Central Sahyadris. Seeds of this plant have narcotic properties
and are used as a substitute for opium. In India, seeds are
eaten, and the plant is used medicinally.7 To date, however,
there has been little rigorous scientific study of this traditional
medicine and indigenous plant and there is no scientific in-
formation on antioxidant properties of leaves of this plant.
Thus, we evaluated the abilities of leaf extracts of P. alata to
function as an antioxidant agent using in vitro and in vivo
assays.
2. Materials and methods2.1. Plant materialThe leaves of P. alata plant were collected from the district
of Rajshahi, Bangladesh and authenticated through the
Department of Botany, University of Rajshahi, Rajshahi,
Bangladesh. A voucher specimen with accession number 3798
was deposited to the National Herbarium, Dhaka, Bangladesh.
After washing the collected leaves, plant materials were dried
at room temperature for 7 days and finely powdered in a
grinding machine for ease of extraction.2.2. Preparation of ethanol extractEthanol was selected as extraction solvent due to its ability
to dissolve a wide variety of compounds. Plant powder (600 g)
was soaked in ethanol (1.5 L) in a large container and was
regularly shaken for 5 days at room temperature. It was then
filtered, and the filtrate was concentrated under rotary vacuum
evaporator.2.3. Preparation of fractionsFurther fractions were made by suspending 24.80 g of
crude ethanol extract (CEE) in distilled water (200 mL). This
solution was then successively partitioned with n-hexane,
chloroform, and ethyl acetate in separating funnel and yielded
HF (24.70%), CF (14.78%), and EF (6.47%), respectively with
residual aqueous fraction, AF (33.35%). Each fraction was
collected, dried, and stored at 4C.2.4. Chemicals and reagentsGallic acid, ascorbic acid, 1,1-diphenyl-2-picrylhydrazyl
(DPPH), potassium ferricyanide, and FolineCiocalteu’s
phenol reagent were obtained from SigmaeAldrich (St Louis,
MO, USA). Trichloroacetic acid, ferric chloride, ethanol, n-
hexane, chloroform, and ethyl acetate were purchased from
Merck (Whitehouse Station, NJ, USA). Ferrous ammonium
sulfate, AlCl3, sodium phosphate, ammonium molybdate,
quercetin, and EDTA were purchased from SigmaeAldrich.2.5. Determination of total phenol and flavonoid contentTotal phenol and flavonoid content (TPC and TFC) in the
extracts of P. alata leaves were determined by the
FolineCiocalteu assay8 and according to Gu¨lçin et al,9
respectively. Both were then spectrophotometrically quanti-
fied using gallic acid and catechin as standard. The results are
expressed as mg of gallic acid equivalent (GAE)/g of extract
for total phenol and in terms of catechin equivalent (mg of CE/
g of extract) for total flavonoid.2.6. In vitro antioxidant assayIn this study, several techniques have been used to deter-
mine the in vitro antioxidant activity to allow rapid screening
of substances.
2.6.1. DPPH radical scavenging assay
The ability of P. alata leaves to scavenge DPPH radicals
was measured according to the method as previously
described.10 A solution of 0.3% DPPH was prepared in
methanol and extract/fractions with different concentrations
were mixed with 3 mL of DPPH solution. Changes in absor-
bance were measured after 30 minutes at 520 nm and the half
maximal inhibitory concentration (IC50) value was calculated
from the doseeresponse relationship.
2.6.2. Ferric reducing power assay
The reducing power of the leaves and bark was determined
according to method as previously described.11 Briefly,
0.25 mL of samples solution was mixed with 0.625 mL of 1%
(w/v) solution of potassium ferricyanide. After incubation,
0.625 mL of 10% (w/v) trichloroacetic acid solution was
added and centrifuged at 1238g. Tantamount supernatant
(1.8 mL) and distilled water were combined with 0.36 mL of
0.1% (w/v) ferric chloride solution. The absorbance was
measured at 700 nm with a spectrophotometer.
2.6.3. Determination of total antioxidant capacity
Total antioxidant activity of the test samples was determined
according to the method of Prieto et al.12 In brief, 0.5 mL of
extract/fractions at different concentrations was mixed with
3.0 mL of reagent solution. The reaction mixtures were incu-
bated and absorbance was measured at 695 nm against a blank
solution. Ascorbic acid was used as standard. Total antioxidant
activity was expressed as absorbance of extract/fraction.2.7. In vivo antioxidant assayIn order to confirm the antioxidant potential of the CF of
crude ethanol extract of leaves in vivo antioxidant assay was
carried out for CF, which showed the most potent antioxidant
activity amongst the fractions by in vitro assay.
2.7.1. Test animals
Swiss albino mice (25e30 g) were used for the present
study. The mice were purchased from the animal research
Table 1
Total phenolic and flavonoid content of ethanol extract and its fractions of
Pterygota alata leaves.
Extract/fractions TPC (mg of GAE/g) TFC (mg of CE/g)
CEE 30.21 ± 8.078a 70.50 ± 5.50a
HF 23.18 ± 4.932b 39.90 ± 9.00b
CF 81.30 ± 5.145c 206.06 ± 11.92c
EF 67.04 ± 7.649d 103.90 ± 7.77d
AF 4.61 ± 1.258e 28.06 ± 4.50e
All values are expressed as mean ± standard deviation; analysis of variance
followed by Bonferroni's posthoc test. Different letters in each column indicate
a significant difference (p < 0.001).
AF ¼ aqueous fraction; CE ¼ catechin equivalent; CEE ¼ crude ethanol
extract; CF ¼ chloroform fraction; EF ¼ ethylacetate fraction; GAE ¼ gallic
acid equivalent; HF ¼ hexane fraction; TFC ¼ total flavonoid content;
TPC ¼ total phenolic content.
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sity, Dhaka, Bangladesh. They were maintained at standard
laboratory conditions and fed with commercial pellet diet
and normal water. The experimental procedures involving
animals were conducted in accordance with the guidelines of
Institute of Biological Sciences, University of Rajshahi. The
study protocol was approved by the Institutional Animal,
Medical Ethics, Biosafety, and Biosecurity Committee
(IAMEBBC) at the Institute of Biological Sciences, Uni-
versity of Rajshahi.
2.7.2. Experimental design
To study in vivo antioxidant assay, the mice were divided
into four groups each comprising six mice. Group I (control)
had free access to food. Group II received 2 mL/kg body
weight (bwt) of CCl4 (50% in olive oil) via the intraperitoneal
route on the 1st day and 7th day of the experiment. Group III
received silymarin 25 mg/kg bwt via the oral route after 48
hours of CCl4 treatment. Groups IV and V were given 200 mg/
kg bwt and 400 mg/kg bwt CF, respectively, after 48 hours of
CCl4 treatment as described above. Twenty-four hours after
the last treatment, all the animals were anesthetized in an ether
chamber. Livers were removed, weighed, and perfused in ice-
cold physiological (0.9%) saline solution.
2.7.3. Activity of SOD, malondialdehyde content, and total
protein in liver
Liver homogenates was prepared using 50 mM potassium
phosphate buffer (pH 8.0) containing 1 mM EDTA and
centrifuged at 8803g for 15 minutes at 4C. The supernatant
was collected and used for the determination of SOD activity
and malondialdehyde (MDA) content. The activity of SOD
was determined in the liver by monitoring the inhibition of the
auto-oxidation of pyrogallol.13 The MDA content, a measure
of lipid peroxidation, was assayed in the form of thiobarbituric
acid reactive substance (TBARS) by the method of Okhawa
et al.14 Proteins were determined according to the Lowry et al
method15 using bovine serum albumin as a standard.2.8. Statistical analysisResults are expressed as mean ± standard deviation and
analyzed using analysis of variance followed by Bonferroni's
posthoc test. The p values were two tailed and p < 0.001 was
regarded as significant.
3. Results3.1. TPC and TFCFig. 1. Scavenging activity (%) on 1,1-diphenyl-2-picrylhydrazyl radical of
crude ethanol extract (CEE) and its fractions of Pterygota alata leaves. Each
value is expressed as mean ± standard deviation (n ¼ 3). AA ¼ ascorbic acid;
AF¼ aqueous fraction; CF ¼ chloroform fraction; EF ¼ ethyl acetate fraction;
HF ¼ hexane fraction.TPC and TFC were determined in various fractions and
crude extract of P. alata leaves (Table 1). Maximum quantity
of TPC (81.30 ± 5.145 mg of GAE/g of extract) and TFC
(206.06 ± 11.92 mg of CE/g extract) were observed in CF
whereas the lowest quantity of TPC (4.61 ± 1.258 mg of GAE/
g of extract) and TFC (28.06 ± 4.50 mg of CE/g extract) were
observed in AF.3.1.1. In vitro antioxidant potential
In vitro antioxidant potential of P. alata leaves was deter-
mined using different analytical assays. All antioxidant assays
provide considerable support to antioxidant prospective of
samples in comparison with standard ascorbic acid.
3.1.2. DPPH radical scavenging activity
Fig. 1 illustrates the DPPH activity of the CEE and its
fractions. IC50 values are 60.12 mg/mL, 76.61 mg/mL,
16.13 mg/mL, 21.35 mg/mL, and 86.25 mg/mL for CEE, HF,
CF, EF, and AF, respectively. So, amongst all fractions, CF
showed the strongest DPPH scavenging activity, and is com-
parable to the standard ascorbic acid with IC50 of 13.68 mg/mL.
3.1.3. Reducing power
Fig. 2 shows the reducing power of P. alata leaves as a
function of their concentration. The reducing power of the
samples increased with concentration. Reducing power ob-
tained for the test samples was excellent (Fig. 2); at 50 mg/mL,
the reducing power obtained for CEE and the HF, CF, EF, and
AF fractions were 0.746± 0.038, 0.008± 0.002, 1.299± 0.076,
1.026 ± 0.017, and 1.277 ± 0.019, respectively; whereas at
100 mg/mL, the reducing power was 1.819 ± 0.038,
0.234 ± 0.013, 3.423 ± 0.029, and 2.264 ± 0.031, respectively.
Amongst these, the CF showed the highest and HF the lowest
reducing power against the tested concentrations. The reducing
power of ascorbic acid was 3.415 ± 0.125 and 4.062 ± 0.014 at
50 mg/mL and 200 mg/mL, respectively.
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Fig. 2. Ferric reducing power assay. The results are expressed as mean ± SD of
three replicates. AA ¼ ascorbic acid; AF ¼ aqueous fraction; CEE ¼ crude
ethanol extract; CF ¼ chloroform fraction; EF ¼ ethyl acetate fraction;
HF ¼ hexane fraction.
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Fig. 4. Correlation of total phenolic contents with IC50 of 1,1-diphenyl-2-
picrylhydrazyl free radical scavenging of leaves.
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The results of total antioxidant activity for CEE and its
fraction of leaves determined by phosphomolybdate method
are shown in Fig. 3. Total antioxidant capacity of CEE and
various fractions of leaves were ranked as follows:
CF > CEE > EF > HF > AF. The activities increase with
increasing concentration of the sample. At the concentration of
100 mg/mL, CF exhibited higher antioxidant activity expressed
in terms of absorbance (0.935 ± 0.129) and was highly signif-
icant (p < 0.001) as compared with the other samples (Fig. 3).3.2. Correlation between the antioxidant activity of the
samples and their phenolic compoundsAs can be seen in Fig. 4, the correlation between the total
phenolic content and antioxidant activity (DPPH tests) for
leaves of P. alata was found to be highly significant. The
correlation was being represented with the linear equation
y ¼ 0.9933x þ 92.723, R2 ¼ 0.9778 indicating that the
higher the concentration, the lower the IC50 value.3.3. In vivo antioxidant assay
3.3.1. Effect of CF on SOD and MDA content and total
protein level in liver
The hepatic antioxidant enzyme (SOD) was significantly
decreased in CCl4 treated mice and MDA level wasFig. 3. Total antioxidant capacity of crude ethanol extract (CEE) of Pterygota
alata leaves and its fractions determined by the phosphomolybdenum method.
Activities are expressed in terms of the absorbance of the sample as
mean ± standard deviation of three replicates. AF ¼ aqueous fraction;
CF ¼ chloroform fraction; EF ¼ ethyl acetate fraction; HF ¼ hexane fraction.significantly increased in the liver homogenate (p < 0.001,
Table 2). Administration of CF to CCl4 induced mice resulted
in a significant decrease in MDA level; meanwhile it exhibited
a significant increase in liver SOD activity (p < 0.001, Table 2)
compared to CCl4 treated mice. However, after administration
of CF at the higher dose of 400 mg/kg bwt, the mice died,
which may be due to the high serum concentration of CF at
which toxicity occurred and data are not shown here. The
effect of test sample and standard drug silymarin on the tissue
protein concentration in CCl4 induced mice showed that the
protein level was restored to almost normal.
4. Discussion
To the best of our knowledge, this study is the first to report
the antioxidant potential of P. alata leaves. Free radicals react
with just about every part of our body including proteins, fats,
brain cells, collagen, connective tissue, blood vessels, immune
cells, and DNA.16 Free radical reactions produce oxidative
stress that if left unchecked can result in greater susceptibility to
disease, premature aging, heart disease, chronic inflammations
in a variety of organs and tissues, arthritis, asthma, diabetes, and
stroke.
Phenolic compounds or polyphenols are presently a major
axis of research, because they are considered to be powerful
chain-breaking antioxidants, and anti-inflammatory,Table 2
Effect of the chloroform fraction of crude ethanol extract of Pterygota alata
leaves and standard drug silymarin on liver malondialdhyde (MDA), antioxi-
dant marker (superoxide dismutase: SOD), and total protein in carbon tetra-
chloride (CCl4)-treated mice.
Group MDA
(nmol/mg of protein)
SOD activity
(U/mg of protein)
Total protein
(g/dL)
Normal 27.20 ± 4.52 0.30 78.10 ± 8.11
CCl4 14.96 ± 1.92* 1.04* 52.12 ± 1.10*
CCl4 þ CF
200 mg/kg
15.50 ± 1.67** 0.62** 79.93 ± 2.41**
CCl4 þ silymarin
25 mg/kg
17.97 ± 2.60** 0.69** 76.44 ± 0.76**
All values are expressed as mean ± standard deviation; analysis of variance
followed by Bonferroni's posthoc test.
* p < 0.001, significant compared with the normal group.
** p < 0.001, significant compared with CCl4 group.
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values of TPC and TFC were recorded in CF of leaves
compared to other fractions and extracts. These differences in
the amount of TPC and TFC may be due to varied efficiency
of the extracting solvents to dissolve TPC and TFC. Thus, the
presence of high phenolic and flavonoid content in the
various fractions has contributed directly to the antioxidant
activity by neutralizing the free radicals. Results obtained in
the present study strongly suggest that the polyphenols are
important constituents of this plant for the antioxidants
potential.
DPPH scavenging is a widely used method to evaluate
antioxidant activities in a relative short time when compared
with other methods. DPPH is a stable free radical at room
temperature and possesses a characteristic absorption at
517 nm (purple in color), which decreases significantly on
exposure to radical-scavengers (by providing hydrogen atoms
or by electron donation). A lower absorbance at 517 nm in-
dicates a higher radical-scavenging activity of the extract.
This test is a standard assay in antioxidant activity studies
and offers a rapid technique for screening the radical scav-
enging activity of specific compound or extracts.18 Our
experimental data revealed that various fractions of leaves
are likely to have the effects of scavenging free radicals. As
shown in Fig. 1, a dose-dependent relationship in the DPPH
radical scavenging activity was observed. Our results also
reveal that the CF of leaves have similar free radical scav-
enging activity when compared with ascorbic acid. The
involvement of free radicals, especially their increased pro-
duction, appears to be a feature of most of the human dis-
eases including cardiovascular diseases and cancer. The
correlation between the DPPH scavenging activity and the
TPC of various fractions was found to be highly significant
(Fig. 4). The correlations observed in this study, for leaves of
this plant, are in good agreement with the literature reports
that the polyphenolics are the major antioxidant compounds
in medicinal plants.19
The reducing power has been used as one of the antiox-
idant capability indicators of plants.20 A relatively higher
reducing value, as was determined for CF of leaves, indi-
cated a greater reduction of ferric ions to ferrous ions and
higher antioxidant properties in the CF when compared with
the CEE and other fractions (Fig. 2). It has been reported
that the reducing power of tannins prevents liver injury by
inhibiting the formation of lipid peroxides.21 Therefore, the
extracts of leaves may be effective agents in retarding Fe2þ-
catalyzed lipid oxidation. This result indicated that the
leaves are a good potential source of antioxidants of the
plant P. alata.
The phosphomolybdenum method has been widely used in
the assessment of total antioxidant activity of plant extracts,
natural compounds, and foods. The total antioxidant activity of
the samples was found to be varied in different solvent frac-
tions of leaves. The difference in the amount of antioxidant of
extracts may be attributed to the differences in the amount and
kind of existing antioxidant compounds in them such as ca-
rotenoids, phenol, and ascorbic acid.22Administration of CCl4 into mice livers increased lipid
peroxidation, resulting in accumulation of superoxide radi-
cals.23 Injuries induced by CCl4 are attributed to its conversion
into the highly toxic CCl3
 and OOCCl3 by the Phase-I cy-
tochrome P450 system in tissues. These free radicals bind
covalently to cellular proteins or lipids or extract a hydrogen
atom from an unsaturated lipid, thereby initiating lipid per-
oxidation and consequently leading to liver damage and
various liver diseases.24
SOD is a powerful antioxidant enzyme that is naturally
present in all living aerobic cells. SOD is a cell's first line of
defense against ROS and act by transforming ROS into less
reactive hydrogen peroxide and involved in a scavenging of
the excessive free radicals. It plays an important role in pre-
venting oxidative stress, which has been shown to be involved
in aging and the development of a number of pathologies. As
antioxidant enzymes (SOD) have an important role in the
protection against free radical damage, a decrease in the ac-
tivities or expression of this enzyme may predispose tissues to
free radical damage.25 Our data reveal that CCl4 treatment
significantly decreases the activity of SOD in liver tissues.
Administration of CF and standard drug silymarin was able to
restore the SOD level, indicating that the inbuilt protective
mechanism is being restored.
MDA is one of the end products in the lipid peroxidation
process. In our in vivo study, elevation in levels of end prod-
ucts of lipid peroxidation in the liver of mice treated with CCl4
were observed. The increased MDA content might have
resulted from an increase of ROS as a result of stress due to
CCl4 intoxication. The increase in MDA levels in liver sug-
gests enhanced lipid peroxidation leading to tissue damage.26
Treatment with CF and standard drug silymarin significantly
reversed these changes. Antioxidant polyphenolic compounds
have a key role in the detoxification of ROS and help to
maintain cellular balance. Hence, it may be possible that the
mechanism of hepatoprotection of extract is due to its anti-
oxidant effect.27
The reduction of the level of total proteins in CCl4-chal-
lenged animals is attributed to the damage produced and
localized in the endoplasmic reticulum, which results in the
loss of P450 leading to its functional failure with a decrease in
protein synthesis. The increases in protein level in the treated
groups suggest the stabilization of endoplasmic reticulum
leading to protein synthesis and the presence of protective
action against free radicals.
Thus it can be concluded that, given the mechanism of
antioxidant effect of CF, further studies are needed to separate
and identify the biologically active component(s). This is the
first time that in vitro and in vivo antioxidant activity have
been reported for leaves of P. alata. Our results indicate that
CF could be considered for medicinal purposes and its bio-
logical properties, especially antioxidant activity, may be an
important support for its rational use. It is also essential to
check the other parameters (aspartate transaminase/alanine
transaminase) related to liver function, which was not per-
formed in this study before clinical application of P. alata
leaves.
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